Abstract Sixty consecutive patients (60 hips) were allocated in two matched-pair groups. Patients were matched for age, gender, body mass index, level of activity, and bone stock. Both groups received an uncemented total hip arthroplasty with a modular press-fit cup and an alumina femoral head. In the first group, an acetabular liner made of polyethylene was used; in the second group, an alumina liner. Both groups were followed for a minimum of 5 years. No hip required revision, and there was no radiographic evidence of aseptic loosening in either group. Mean Harris hip score was 94.7 (87.1-99) points in the polyethylene group and 93 (88.5-100) points in the alumina group.
Introduction
Previous studies showed a substantial reduction of wear debris using alumina-on-alumina pairing in total hip arthroplasty [1, 19] . These alumina-on-alumina pairings require the use of modular acetabular components inserted without cement [21] . Cemented alumina components have shown a high rate of aseptic loosening, mainly caused by fracture of the cement mantle [10, 17] .
Recently, concerns have emerged regarding the high stiffness of such implants, which could cause impairment of fixation and early loosening. Boehler et al [2] reported a high revision rate of uncemented acetabular components using an alumina liner at a minimum 4-year follow-up. The revision rate of the same prosthesis inserted with a polyethylene liner was markedly lower. We have compared clinical and radiological outcomes, as well as survivorship associated in a matched-pair series of modular press-fit cups with similar geometry and surface finish using either an alumina or a polyethylene liner.
Material and methods
Seventy-three consecutive patients (73 hips) who received a total hip arthroplasty between March 1995 and June 1996 using acetabular liners made of polyethylene (43 hips) or alumina (30 hips) were considered potential candidates for inclusion in the study. The protocol for human subjects was approved according to the relevant laws and regulations. All patients signed an informed consent. The main criteria for inclusion were primary and secondary osteoarthritis, quality of the bone adequate for uncemented fixation, and age younger than 70 years at index operation.
A matched-pair study design was used to achieve two homogeneous groups of patients. Matching criteria were age, gender, body Statement on conflict of interest: Although none of the authors has received or will receive benefits for personal or professional use from a commercial party related directly or indirectly to the subject of this article, benefits have been or will be received but will be directed solely to a research fund, foundation, educational institution, or other non-profit organisation with which one or more of the authors are associated. mass index, level of activity, and bone stock. After matching, 30 pairs of hips (polyethylene group, 30 hips; alumina group, 30 hips) (Table 1) were selected for comparative analysis. Matching patient data were obtained using commercially available computer software (SAS Institute, Cary, NC, USA).
Total hip arthroplasty was performed with the patient supine under general anaesthesia, and a direct lateral approach was used. All operations were done by two experienced surgeons. All hips received an uncemented femoral component with tapered design (Cementless-Stem, Brehm, Weisendorf, Germany) and an alumina femoral head with a diameter of 28 mm (Biolox Forte). The modular acetabular component (cup) was made of Ti6-Al-V4 with a pure Ti powder coating (TiRC) (Phönix, Brehm, Weisendorf, Germany). The thickness of the coating ranged between 200 and 300 µm, and porosity between 100 and 120 µm.
In the polyethylene group, an ultra-high-molecular-weight polyethylene liner (Chirulen 1020, ISO 5834 Typ 1, Poly Hi Solidur, Vreden, Germany) was used. In the alumina group, an alumina liner (Biolox Forte, CeramTec, Plochingen, Germany) was used ( Fig. 1) . Post-operatively, partial weightbearing up to 20 kg was allowed during the first 6 weeks. Patients were assessed clinically using the Harris hip score [11] .
Radiographic evaluation of the acetabular and femoral components was done by an experienced independent observer using published criteria [13] and a digitising tablet (UMAX Mirage II, Hsinchu, Taiwan). Any change in inclination or migration was noted. Radiolucent lines were assessed according to the recommendations of Freeman [7] . The location of radiolucent lines, osteolysis, and cortical hypertrophy was defined according to the criteria of DeLee and Charnley [6] and Gruen et al. [9] . Blinded interpretation was not possible, because modular cups with ceramic and polyethylene liner can be easily distinguished radiographically. Wear of the 60 modular components of the main study was measured using the method of Charnley and Halley [5] , as modified by Livermore et al. [14] . The classification of Brooker et al. [3] was used for evaluation of heterotopic ossification. Intraobserver variability in interpretations was not ascertained. Precision of the digital measurement technique was evaluated by double examination in a separate study. Precision of the measurement system was rated ±0.5 mm of proximal migration and ±0.5 mm of medial migration, and 1.5°tilting.
Demographic and radiological data were analysed with a twotailed, unpaired t-test. A repeated measures analysis of variance and a Newman-Keuls test for inter-group comparisons were done for all radiological determinations. Multivariate analysis was done to identify the particular combinations of clinical and radiological findings. Differences were considered statistically significant at P<0.05.
Results
Complete clinical and radiological follow-up (mean 5.6, range 5-7 years) was available for all hips. Mean pre-operative Harris hip score of patients who received polyethylene liners was 54 (47-70) points and improved to 95 (87-99) points at the latest follow-up. Mean pre-operative Harris hip score of the patients who received alumina liners was 50 (45-66) points and improved to 93 86 (88-100) points. Occasional thigh pain was present in three patients in the polyethylene group and in one patient in the alumina group. Range of hip motion was less than 110°in two patients in the polyethylene group and in one patient in the alumina group. One patient in the alumina group was unable to walk long distances without a cane. The clinical outcome was assessed by an independent observer. In the polyethylene group it was considered satisfactory (less than 90 points) in five hips, good in 15, and excellent in ten. In the alumina group, 87 the clinical outcome was satisfactory in three hips, good in 20, and excellent in seven. There was no aseptic loosening of the acetabular component at a minimum follow-up of 5 years (Fig. 2) . All acetabular components were considered radiologically stable with bony ingrowth. One year post-operatively, a limited cranial migration (<1 mm) was found in 12 hips in the polyethylene group and in ten in the alumina group. No progression of migration was found at the 5-year follow-up (Table 2) . Radiolucencies with periprosthetic sclerosis without signs of progression were found in zone 1 in three hips and zone 3 in three hips in the polyethylene group and, respectively, in one hip and two hips in the alumina group. A mean polyethylene wear of 1.3 (0.8-2.3) mm was measured in six hips. There was no measurable wear in the alumina group.
There was no migration or aseptic loosening of the femoral components in either group. Radiolucencies with a sclerotic reaction at the bone-implant interface without progression were found in zone 1 in two hips in the polyethylene group and in three hips in the alumina group. A slight cortical hypertrophy was seen in one hip in the alumina group.
Discussion
Pairing of acetabular polyethylene liners and femoral alumina heads is common in total hip arthroplasty [22] and has good tribologic properties. An even better tribologic combination is alumina liner and alumina femoral head [21] . Alumina-on-alumina bearings will markedly reduce the volume of wear debris and thereby reduce loosening due to osteolysis [19] .
Unfortunately, cemented acetabular components made of alumina have high loosening rates. Riska [17] reported a revision rate of cemented alumina cups of 9.1% (13 of 143 hips) at a mean followup of 6.7 (1-12) years. In 12 hips, the revision was caused by fracture of the cement mantle. On the other hand, the revision rate of uncemented alumina cups at a mean follow-up of 3.6 (1-7) years was only 1.8% (2 of 112 hips). Also, Hamadouche et al. [10] observed a high failure rate of cemented alumina cups, reporting a survival rate at 20 years of 61.2%, with revision for any reason as end point. In contrast, the 20-year survival rate of uncemented alumina cups was 85.6%.
Results of uncemented acetabular components with alumina liners are also controversial. Boehler et al. [2] reported four revisions of 23 acetabular components with alumina liner at a minimum 4-year follow-up. Revision rate for the same cup using a polyethylene liner was only one in 50. Migration analysis using Ein Bild Röntgen Analyse (EBRA) showed a marked and progressive vertical displacement of the acetabular components inserted with alumina liner. The reason for this high failure rate is uncertain. However, the pre-operative demographic and clinical conditions of the patients operated on using alumina liners were not comparable to those operated on using polyethylene liners. A large number of patients operated on using alumina liner had marked osteoporosis. Acetabular components designed for insertion with alumina liners need a solid metallic shell to avoid micromotion at the taper junction and thus prevent the risk of fracture. Alumina has a high modulus of elasticity, and therefore the construct shows a high structural stiffness. An in vitro analysis showed a 50-times higher stiffness of modular cups with alumina liners compared to identical cups with polyethylene liners [2] . This stiffness could cause unfavourable contact stresses around the periacetabular bone, leading to stress-shielding phenomena, bone resorption, and loosening. Biomechanical studies showed no correlation between stiffness of modular acetabular components and initial stability pattern [15, 18] . A previous in vitro study performed to compare fixation quality of the same press-fit cup as used in the current study with either polyethylene or alumina liners showed stable conditions in both groups [16] . The mean micromotion at the level of the os ilium, pubis, and ischium did not exceed 120 µm during the maximal cyclic load of 2.39 kN both with polyethylene and alumina liner. A recent finite-element analysis showed a distribution of bone load in the periphery of the acetabulum with cups using alumina liners [12] . This is a condition approaching the physiological loading behaviours. However, finite-element analysis showed that the load was located in the acetabular floor when the same cups were inserted using polyethylene liners.
The aim of the current investigation was to compare the clinical and radiological results of patients with acetabular alumina liners to patients with polyethylene liners. There was no marked difference of outcome in the two study groups. No acetabular component required revision, and all implants were radiologically stable, with an average Harris hip score of 93 points at a mean 5-year follow-up. Pain requiring pharmacological or physical treatment was not observed in any of the 60 patients. Occasional thigh pain was present in three patients in the polyethylene group and in one patient in the alumina group. Groin pain was not observed. These findings do not contrast with data reported by other authors who investigated the clinical and radiological outcomes of modular acetabular components. [1, 8, 19] .
The profile of the cup used in the current study is hemispherical, and the solid wall is designed to sustain the ceramic liner. Owing to these design features, the cup appears relatively bulky. This construct was the first one, which was released for clinical use in Europe with the innovative Biolox-Forte alumina-alumina ceramic pairing
The most important limitation of the current study was that patients were not randomised. All patients were operated on by two experienced surgeons. One surgeon used exclusively cups with polyethylene liners; the other used only alumina liners. However, the matched-pair design of the clinical investigation provided a comparison between two homogeneous groups of patients.
Another limitation of the study was the single observer. One observer can produce more consistent findings but can also introduce systemic bias. Blinded observer rating was not possible, as modular cups with ceramic and polyethylene liners can be easily distinguished in radiographs.
Strengths of the current study are represented by the homogeneity of the groups, the use of the same acetabular cup in all hips, and the use of a digitising tablet for radiographic assessment. A digitising tablet is more precise than conventional manual technique. To the authors' knowledge, this study has the longest follow-up of modular acetabular components inserted using a modern alumina-alumina ceramic pairing. Sedel reported very satisfactory middle-and long-term results using a similar construct, but no comparative data of cups with polyethylene liners are available [19] .
In the present study, the clinical and radiological outcome of a hemispherical press-fit cup with a Ti powder coating inserted with an alumina liner at a minimum 5-year follow-up was satisfactory, with no need for revision and no signs of aseptic loosening. Clinical and radiological results do not contrast with those achieved using the same implant inserted with a polyethylene liner. With a longer follow-up, a higher rate of wear can be expected in the group with polyethylene liners, as well as bone resorption and a higher extension of radiolucent lines.
